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Adiabatic Flame Temperature for Combustion of Methane
Abstract
This project calculated the adiabatic flame temperature of a combustion reaction of pure methane and oxygen,
assuming that all of the heat liberated by the combustion reaction goes into heating the resulting mixture.
Mole fractions of methane to oxygen were computed from 0.05 to 0.95, in increments of 0.05, and then an
integral was computed was computed with respect to temperature using the moles of product produced or
leftover moles of reactants from the starting mole fraction times the specific heat of each respective gas. The
highest adiabatic flame temperature evaluated, occurred at a mole fraction of 0.35.
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PROBLEM STATEMENT 
Methane (   ) combusts according to: 
                  
The goal of this project is to calculate the adiabatic flame temperature    for this reaction as a 
function of molar composition (specifically mole fraction of    ) of the feed stream to the 
reactor. The feed stream consists of only methane and oxygen at    . The calculation of the 
adiabatic flame temperature assumes that all of the heat liberated by the combustion reaction 
goes into heating the resulting mixture. The energy liberated by the reaction is: 
(    
      )     
where     
  is the moles of methane fed,      is the moles of methane that did not combust (if 
any) and     is the heat of combustion of methane at     : 
                ⁄  
of methane reacted. 
The energy that goes into heating the product gas is given by: 
    ∫       
 
  
    ∫      
 
  
     ∫       
 
  
     ∫       
 
  
 
where the    are the moles of species   that exist after the reaction occurs and the     are the heat 
capacities of each gas participating in the reaction. For the purposes of this project, the heat 
capacities can be assumed to be linearly dependent on temperature:             where     
is in 
  
    
 and   is in . 
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Coefficients   and   for the gases involved here are given in the table below: 
     
    0.034 2.50E-06 
   0.030 3.00E-06 
    0.040 9.70E-06 
    0.033 5.50E-06 
We will also make a graph of    versus mole fraction   of methane in the feed stream ranging 
from        to       . 
MOTIVATION 
The calculation of adiabatic flame temperature is important to people in fields that deal 
with combustion and explosions. These fields include most material production industries, and 
also chemical industries. The adiabatic flame temperature is the temperature of the products of a 
combustion reaction if no heat is lost to the external environment. By being able to calculate the 
adiabatic flame temperature, these fields can maximize the starting ratio of their reactions in 
order to get an ideal combustion result. 
The objective for this project is to determine the adiabatic flame temperatures for 
different molar ratios of a mixture of methane and oxygen that combusts and thus get an idea of 
the ideal conditions for this reaction. 
MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH 
The first step in this project is to determine the mole fraction of the reactants, and how 
many moles of the products are produced in each case. This was calculated using   mole of 
methane for each ratio, using the equation: 
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 (1) 
where     
  is the moles of methane present before the combustion and    
  is the moles of 
oxygen present before the combustion. The initial moles of both methane and oxygen are 
provided in the chart in Table 2 of the appendix. The moles of methane and oxygen present 
before combustion can then be used to calculate the limiting reagent on the products after 
combustion using the following molar ratio of this reaction: 
                   (2) 
If the amount of methane available will react with less O2 than is available, it is the 
limiting reagent. The amount of leftover moles of the excess reagent is calculated using the 
following equation: 
                
  (                 
  
                             
                               
)                  (3) 
where    is the moles of the species that exists at the end of the reaction. 
The moles of all other products present after combustion should them be calculated using 
their molar ratios. 
                  
  
                      
                               
          (4) 
The results of these calculations are shown in the chart in Table 2 in the appendix. Next, the heat 
capacities (in       ) of each gas participating in the reaction must be calculated using the 
equation: 
           . (5) 
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The values for    and    for each element are given in Table 1 in the appendix, and the equations 
for     for each element are given by: 
 
{
 
 
 
 
                     
    
                      
    
                     
    
                     
    
 (6) 
In this reaction, it is assumed that all the heat created by the combustion goes into heating 
the mixture of products. The equation for the energy released by this reaction is: 
 (    
      )     (7) 
where    , the heat of combustion of methane at    , is equal to      
  
   
 of methane reacted. 
The results of this calculation for each mole fraction are shown in the chart in Table 2 in 
the appendix. This equation is then set equal to the equation that is representative of the energy 
that goes into heating the product (which, in this case, is all of the energy liberated by the 
combustion), which is as follows: 
     ∫        
 
  
    ∫       
 
  
     ∫        
 
  
     ∫        
 
  
 (8) 
By substituting in the values for each   and    and then the equations calculated for each Cpi, 
the integral can then be taken to get a polynomial expression. Once a polynomial is obtained, 
then the quadratic formula can be used to solve for   . The values for  ,  , and   for each mole 
fraction are listed in the chart in Table 3 of the appendix. Because the value for the quadratic 
formula where the square root is added is feasible and the value where the square root is 
subtracted is not, this value can be discarded and    assumed to be the value obtained when 
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adding the square root. The values calculated when both adding and subtracting the square root 
are included in the chart in Table 4 of the appendix. 
Based on the values obtained when adding the square roots in the quadratic formula, the 
following graph was produced: 
 
Figure 1:  Adiabatic flame temperature as a function of differing ratios of composition 
of a mixture of methane and oxygen. 
It is apparent that the mole fraction evaluated that produces the most heat from 
combustion would be       . In reality, the mole fraction would be slightly less than     , 
because the ideal molar ratio based on the reaction equation would be   mole of methane to   
moles of oxygen. The   value for this ratio would be     ̅̅̅̅ . The values for       and   
    , however, are extremely close to this value. 
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DISCUSSION 
The result of this project found that the mole fraction        had the highest resulting 
adiabatic flame temperature of       . This was as expected, considering the assumed highest 
adiabatic flame temperature should be at the ideal molar ratio for this reaction, which has a mole 
fraction of       ̅̅̅̅ . Because     ̅̅̅̅  is closer to      than     , it makes sense that      has the 
highest adiabatic flame temperature out of all mole fractions analyzed. These results were not 
surprising, and lend credibility to the use of stoichiometry and balanced reaction equations to 
determine the ideal ratio of reactants in a reaction. 
CONCLUSION AND RECOMMENDATIONS 
Based on the values of    obtained for each mole fraction from      and     , the 
highest adiabatic flame temperature evaluated occurs at a mole fraction of     . This is sensible, 
because according to the balanced reaction equation, the ideal mole fraction that would produce 
the highest adiabatic flame temperature would be       ̅̅̅̅ , which is closer to      than     . 
To improve on this project, someone doing a similar project in the future might want to 
focus on the region specifically between        and        in order to get a more specific 
maximum adiabatic flame temperature for this reaction. One issue raised by this project is how 
the combustion would proceed if methane was combusting with a normal air mixture instead of 
pure oxygen. This would make for an interesting new study.  
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NOMENCLATURE 
Symbol Description Units 
  Mole fraction (none) 
  
  Initial moles     
   Final moles     
    
Heat of combustion of 
methane 
       
    Heat capacity            
   Heat capacity coefficient            
   Heat capacity coefficient          
   
  Temperature   
   Adiabatic flame temperature   
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APPENDIX 
 
    (     ) 
    0.034 2.50 
   0.030 3.00 
    0.040 9.70 
    0.033 5.50 
Table 1:     and    for each gas in the reaction. 
  
    
  
(mol) 
   
 
 
(mol) 
     
(mol) 
    
(mol) 
     
(mol) 
     
(mol) 
(    
      )    
(kJ/mol methane) 
0.05 1.00 19.00 0.00 17.00 1.00 2.00 802.30 
0.10 1.00 9.00 0.00 7.00 1.00 2.00 802.30 
0.15 1.00 5.67 0.00 3.67 1.00 2.00 802.30 
0.20 1.00 4.00 0.00 2.00 1.00 2.00 802.30 
0.25 1.00 3.00 0.00 1.00 1.00 2.00 802.30 
0.30 1.00 2.33 0.00 0.33 1.00 2.00 802.30 
0.35 1.00 1.86 0.07 0.00 0.93 1.86 744.99 
0.40 1.00 1.50 0.25 0.00 0.75 1.50 601.73 
0.45 1.00 1.22 0.39 0.00 0.61 1.22 490.29 
0.50 1.00 1.00 0.50 0.00 0.50 1.00 401.15 
0.55 1.00 0.82 0.59 0.00 0.41 0.82 328.14 
0.60 1.00 0.67 0.67 0.00 0.33 0.67 267.41 
0.65 1.00 0.54 0.73 0.00 0.27 0.54 215.98 
0.70 1.00 0.43 0.79 0.00 0.21 0.43 171.93 
0.75 1.00 0.33 0.83 0.00 0.17 0.33 133.74 
0.80 1.00 0.25 0.88 0.00 0.13 0.25 100.29 
0.85 1.00 0.18 0.91 0.00 0.09 0.18 70.76 
0.90 1.00 0.11 0.94 0.00 0.06 0.11 44.61 
0.95 1.00 0.05 0.97 0.00 0.03 0.05 21.10 
Table 2:  For each mole fraction, initial moles of methane and oxygen, resulting moles of methane, 
oxygen, carbon dioxide, and water, and heat produced by the reaction. 
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     (           
0.05 35.850 0.616 -817.722 
0.10 20.850 0.316 -810.213 
0.15 15.851 0.216 -807.710 
0.20 13.350 0.166 -806.458 
0.25 11.850 0.136 -805.707 
0.30 10.850 0.116 -805.207 
0.35 9.700 0.101 -747.519 
0.40 8.075 0.088 -603.930 
0.45 6.810 0.078 -492.240 
0.50 5.800 0.070 -402.903 
0.55 4.973 0.063 -329.731 
0.60 4.283 0.058 -268.860 
0.65 3.700 0.053 -217.316 
0.70 3.200 0.049 -173.171 
0.75 2.767 0.046 -134.895 
0.80 2.388 0.043 -101.364 
0.85 2.053 0.040 -71.773 
0.90 1.755 0.038 -45.559 
0.95 1.490 0.036 -22.998 
Table 3:  The coefficients  ,  , and   for each mole 
fraction 
 
                     
0.05 1238.24 -18420.9 
0.10 2234.52 -17390.4 
0.15 3054.57 -16682.5 
0.20 3735.80 -16170.3 
0.25 4307.57 -15784.4 
0.30 4792.86 -15484.1 
0.35 5003.83 -15401.4 
0.40 4772.67 -15670.5 
0.45 4524.31 -15976.4 
0.50 4255.37 -16324.3 
0.55 3964.38 -16725.2 
0.60 3651.03 -17192.2 
0.65 3310.92 -17739.5 
0.70 2942.74 -18388.9 
0.75 2543.45 -19169.5 
0.80 2110.10 -20120.6 
0.85 1641.45 -21297.3 
0.90 1139.04 -22784.4 
0.95 598.01 -24696.8 
Table 4:  Heat produced by the reaction for 
each mole fraction 
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